Background/Aims: Conventional triple therapy (CT) for Helicobacter pylori infection fails in up to one-third of patients. Sequential therapy (ST) seem be more effective than CT in other countries. However, there is no systemic literature review that directly compares CT and ST in Korea. The aim of this study was to compare ST with CT for H. pylori infection in Korea. Methods: Six randomized, prospective controlled trials were used to compare 10-day ST and 7-to 14-day CT in treatment-naive patients with documented H. pylori infection in Korea. Pooled eradication rates and OR with 95% CI were calculated. Results: The intention-to-treat eradication rates of H. pylori involving 1,529 patients were 79.7% (95% CI, 76.8-82.5%) for ST (n=754) and 68.1% (95% CI, 64.8-71.4%) for CT (n=775) (OR, 1.838; p＜0.001). The per-protocol eradication rate of H. pylori involving 1,366 patients was 86.4% (95% CI, 83.3-88.5%) for ST (n=682) and 76.0% (95% CI, 72.8-79.2%) for CT (n=684) (OR, 1.974; p＜0.001). Conclusions: Ten-day ST was superior to CT in terms of eradicating H. pylori infection. Therefore, ST should be considered as a first-line therapy in Korea. However, ST did not achieve a sufficient eradication rate. More effective therapy should be developed. (Korean J Gastroenterol 2013;62:267-271) 
INTRODUCTION
Helicobacter pylori infection is the main cause of peptic ulcer disease, mucosa-associated lymphoid tissue lymphoma, and gastric cancer. Eradication of H. pylori prevents the recurrence of peptic ulcer disease, including gastric and duodenal ulcers, and cures mucosa-associated lymphoid tissue lymphoma. 1 The first-line worldwide choice for treating H. pylori consists of conventional triple therapy (CT), which includes a proton pump inhibitor (PPI), clarithromycin, and amoxicillin for 7-14 days. [2] [3] [4] [5] In the past few years, the efficacy of CT has decreased to unacceptably low levels, with eradication rates of ＜80%, also in Korea. 6 Decreased eradication rates are due primarily to increased bacterial resistance to clarithromycin, indicating the need for new first-line treatments. showed that a 14-day CT had a 5.6% higher eradication rate than a 10-day ST. 10 Prospective randomized studies have recently been conducted in Korea. [11] [12] [13] [14] [15] [16] Therefore, we performed a systematic literature review and meta-analysis of randomized, controlled trials (RCTs) comparing these two treatment regimens in Korea to determine whether ST is superior to CT.
SUBJECTS AND METHODS

Search strategy and study selection
An article search was performed through December 2012
in PubMed using the following keywords: (Helicobacter pylori, sequential therapy, Korea). Reference lists from the selected trials were hand-searched to identify additional relevant trials. Among them, we enrolled only prospective, randomized, published articles to ensure study quality, which was rated by scores ranging from 1 to 5, with a higher score indicating higher quality based on method of randomization, level of blinding, concealment of allocation, and accounting for withdrawal and dropouts. 17 We considered RCTs with a score 
Statistical analysis
We used Comprehensive Meta-Analysis software (version 2.0, Biostat Inc., Englewood, NJ, USA). The pooled ORs as well as the weighted pooled OR of the eradication rates of H. pylori for ST and CT arms were evaluated using the fixed effects model.
To evaluate a small study effect indicating potential publication bias, we constructed a funnel plot for all examined outcomes (pooled ORs and eradication rates for the PP and ITT results). Egger's regression intercept and Begg's rank correlation tests were conducted to formally assess this asymmetry. 18 We assessed the presence of publication bias by visually inspecting funnel plot asymmetry.
Cochran's Q and I-squared tests were used to calculate the heterogeneity of the studies; fixed-effects model was used when statistical heterogeneity was not present.
RESULTS
Description of the studies
A total of 1,529 participants included in the six published Table 1 .
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Treatment duration was 10 days for ST compared to 7-14 days for CT.
H. pylori eradication rates
The (Fig. 2) . Upon evaluation of the risk differences between CT and ST, the results were also in favor of ST, with a pooled risk difference of 10.4% in the PP analysis. There was also no significant heterogeneity between trial results in PP (Q-value: 4.99, p=0.41; I-square=0.00) There was also no evidence of publication bias for all enrolled studies (Fig. 3) .
Adverse events
The overall adverse event rates were similar in the CT and ST groups (19.2% vs. 22.3%, p=0.13) with a difference of
정준원 등. H. pylori 제균에서 순차치료의 우월성
The Korean Journal of Gastroenterology 3.06% (95% CI, −7.12-1.01%). The pooled OR for side effects was 1.18 (95% CI, 0.92-1.52; p=0.18).
DISCUSSION
Our data suggest that in Korea, ST is superior to CT. Our results are consistent with previous meta-analyses in other countries. 7, 8 There was concern in early meta-analyses that most studies of ST had been performed in Italy. However, considerable data have accumulated in other countries. ST is now a better treatment option; therefore, the Maastricht IV guidelines and textbooks also recommend ST as first-line therapy if the local incidence of clarithromycin resistance is ＞20%. We found pooled ITT and PP eradication rates in the ST arm of 79.7% and 86.4%, respectively. In both settings, ST was superior to ITT with approximately 10% higher eradication rate. In addition, ST is cost-effective because the relatively expensive clarithromycin is used only in the short term. In our opinion, ST should be the first-line therapy in Korea. However, there is still a possibility that CT might be superior to CT depending on the duration of therapy although we could not perform subgroup analysis due to the limited numbers. One study shows a better eradication rate of CT when the duration of therapy is extended. 15 Further large scale studies are needed.
Despite the higher eradication rate, ST is associated with several problems. The first is whether ST does indeed result in a sufficient eradication rate. Although only one study by Kim et al. 11 has reported that ST results in acceptable eradication rates, others [12] [13] [14] have not. An pooled ITT analysis showed a ＜80% eradication rate (near unacceptable range)
in our meta-analysis, 19 which is lower than in other metaanalyses. 20, 21 The main reason for this discrepancy may be the high prevalence of antibiotic resistance, particularly dual resistance to clarithromycin and metronidazole. In one study, a dual resistance rate of 9.6% was reported, which was almost double that in two Italian studies (5%, 4.3%, and 5.5%). 22, 23 In our pooled analysis, ITT was 79.7% and PP was 86.4%; thus, other first-line treatment options should be considered. 18 These options are bismuth-containing quadruple therapy, and concomitant therapy or hybrid (dual-concomitant) therapy. A recent European study found that a three-in-one capsule containing bismuth subcitrate potassium, metronidazole, and tetracycline yielded a better eradication rate than CT, with a similar incidence of adverse events. 24 However, no study in Korea has compared these therapies directly up to now. Concomitant or hybrid (dual-concomitant:
PPI and amoxicillin for 7 days, followed by quadruple therapy with a PPI, amoxicillin, clarithromycin, and metronidazole for 7 days) regimen therapy is another option [25] [26] [27] that shows a better rate of eradication of dual-resistant H. pylori strains. 25, 26 Future studies are needed to determine which therapy is most appropriate in Korea.
The second concern is the lack of an appropriate second-line therapy after ST. ST is actually four drug therapies that combine three antibiotics (clarithromycin, amoxicillin, and metronidazole). In western countries, a levofloxacinbased regimen is used as a second-line therapy. However, this would not be ideal as a second-line therapy in Korea.
Patients have recently been reported to have markedly increased resistance (near 20%) to quinolone-based regimens. 28, 29 An alternative second-line regimen is the bismuth-based quadruple therapy; however, more data are required to determine its suitability as a second-line therapy in Korea. Another drawback of ST is its complex dosing schedule; the regimen is changed halfway through the day.
The third problem is that ST could raise the antibiotic resistance rate, especially metronidazole. As we mentioned earlier, ST is actually a four-drug therapy. Although ST could increase the first-line eradication, the metronidazole usage could also be increased.
In conclusion, we found that ST regimen yielded a higher H. pylori eradication rate than CT regimen as first-line treatment in Korea. However, more effective therapy should be developed. We insist that there should be a paradigm shift to
